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DESCRIPTION 

Multi-Joint Drive Mechanism and Manufacturing Method 
Therefor/ and Grasping Hand a nd Robot Using Those 

Technical Field 

The present invention relates to a multi-joint 
drive mechanism and a manufacturing method therefor, and a 
grasping hand and robot using the mechanism. In particular, 
the present invention relates to a multi- joint drive 
mechanism, as well as a manufacturing method therefor, 
capable of grasping various object articles and being 
simple in structure and low in manufacturing cost, and also 
relates to a grasping hand and robot using the mechanism* 

Background Art 

The grasping hands in conventional industrial 
robots have hitherto been proposed in many cases as those 
for use in in-plant production of products and for 
precision handling of particular components. On the other 
hand, the grasping hands for robots that are expected to 
play active part in household chore support or work support 
in home, office, hospitals, or the like, as well as in care 
aid for the aged or the physically impaired and the like 
are required that the grasping hands themselves be small- 
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sized, lightweight, soft and safe, and moreover capable of 
dexterously grasping various objects. 

With a view to dexterously grasping various 
objects, a man-type robot hand for research use is 
5 disclosed in the Papers of Society of Mechanical Engineers, 
66, 651C, 3672/3678 (2000) . This robot hand has one 4- 
joint and 4-degree-of -f reedom thumb and four 4- joint and 3- 
degree-of-f reedom fingers, where joints at front ends of 
the four fingers are provided by link mechanisms and the 

10 other joints, in each of which a small-size servomotor is 
incorporated, is equipped with distribution-type pressure 
sensors. . The robot hand, which has been commercially 
available for research use, is expensive and restrictive of 
its use because of its being an assembly of many components. 

15 Also, as a grasping hand in which the grasping 

hand itself has a soft structure, there has been disclosed 
in Japanese Examined Patent No. 3226219 a grasping actuator 
formed of a cylindrical elastic body in which its interior 
is isolated in three chambers by partition walls. This 

20 actuator, while movably operable softly in every direction, 
yet has difficulties in securely grasping relatively 
heavyweight articles and in control of its grasping 
operations because of its having no skeletal structure. 

In these prior art examples of grasping hands 

25 that have already been reported, there has been disclosed 
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neither a grasping hand nor a robot using the grasping hand, / 
related to the present application, which is driven by a 
planar-type multi-joint drive mechanism made of a plurality 
of bone members disposed in array and which is capable of 
5 grasping various objects and moreover sample in structure 
and manuf acturable with low cost. 

In order to realize and popularize personal 
robots for household chore support in home or the like, it 
is an important issue to realize, as a grasping hand to be 

10 used in those robots, a grasping hand in which the grasping 
hand itself is small-sized and lightweight, soft and safe 
and which has a performance of dexterously grasping various 
objects and further which is simple in construction and low 
in manufacturing cost, 

15 An object of the present invention is to provide 

a multi- joint drive mechanism which can solve the above 
issues and which has a concrete structure of practicable 
level including a simplicity of its manufacture as a drive 
mechanism, and also to provide a manufacturing method for 

20 the drive mechanism as well as a grasping hand and a robot 
using the mechanism. 

Disclosure Of Invention 

In order to achieve the above object, the present 
25 invention has the following constitution. 



■ •) 

4 

According to the present invention, there is 
provided a multi- joint drive mechanism comprising a bone- 
member layer member in which a plurality of bone members 
are arranged in arrays, the plurality of bone members being 
5 movably coupled at coupling portions, and elastically 
expanding/contracting members which are arranged so as to 
stretch over the coupling portions on a contact-surface 
side of the bone-member layer member that makes contact 
with an object and/or on its noncontact-surf ace side 

10 opposed to the contact-surface side and moreover which are 
fixed between the plurality of bone members, 

wherein the multi- joint drive mechanism drives 
flexural motions with the coupling portions between the 
plurality of adjoining bone members serving as joints by 

15 expanding . or contracting the elastically 

expanding/contracting member. 

Further, according to the present invention, 
there is provided a method for manufacturing a multi- joint 
drive mechanism which comprises a bone-member layer member 

20 in which a plurality of bone members are arranged in arrays, 
the plurality of bone members being movably coupled at 
coupling portions, and elastically expanding/contracting 
members which are arranged so as to stretch over the 
coupling portions on a contact-surface side of the bone- 

25 member layer member that makes contact with an object 
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and/or on its noncontact-surf ace side opposed to the 
contact-surface side and moreover which are fixed between 
the. plurality of bone ' members, wherein the multi-joint 
drive mechanism drives flexural motions with the coupling 
5 . portions between the plurality of adjoining bone members 
serving as joints by expanding or contracting the 
elastically expanding/contracting member, the method 
comprising : 

collectively forming at least the bone-member 

10 layer member in which the plurality of bone members are 
arranged in a generally planar fashion; and 

coupling an elastically expanding/contracting 
member-layer member, with which the plurality of 
elastically expanding/contracting members are integrated, 

15 to an adjoining surface of the bone-member layer member on . 
the contact-surface side of the bone-member layer member 
that makes contact with an object and/or on its noncontact- 
surface side opposed to the contact-surface side. 

Further, according to the present invention, 

20 there is provided a grasping hand having a plurality of 
finger mechanisms provided in opposition, each of the 
finger mechanisms having a multi- joint drive mechanism 
which includes a bone-member layer member in which a 
plurality of bone members are arranged in arrays, the 

25 plurality of bone members being movably coupled at coupling 
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portion's, and elastical'ly expanding/contracting members 
which are arranged so as to stretch over the coupling 
portions on a contact-surface side of the bone-member layer 
member that makes contact with an object and/or on its 
5 npncontact-surf ace side opposed to the contact-surface side 
and moreover which are fixed between the plurality of bone 
members, wherein the multi- joint drive mechanism drives 
flexural motions with the coupling portions between the 
plurality of adjoining bone members serving as joints by 

10 expanding or contracting the elastically 

expanding/contracting member, and 

wherein the grasping hand performs grasping 
operation for the object by expanding or contracting the 
elastically expanding/contracting member to drive the 

15 finger mechanisms. 

Further, according to the present invention, 
there is provided a robot comprising: a grasping hand 
having a plurality of multi- joint drive mechanisms, each of 
the multi- joint drive mechanisms having a bone-member layer 

20 member in which a plurality of bone members are arranged in 
arrays, the plurality of bone members being movably coupled 
at coupling portions, and elastically expanding/contracting 
members which are arranged so as to stretch over the 
coupling portions on a contact-surface side of the bone- 

25 member layer member that makes contact with an object 
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and/or on its noncontact-surf ace side opposed to the 
contact-surface side and moreover which are fixed between 
the plurality of bone members^ wherein the multi-joint 
drive mechanisms drive flexural motions with the coupling 
5 portions between the plurality of adjoining bone members 
serving as joints by expanding or contracting the 
elastically expanding/contracting member; and 

a pressure-sensitive sensor, friction sensor or 
other touch sensor, or a displacement sensor for the 
10 coupling portions provided on the grasping hand, whereby 
grasping operation of the grasping hand is controlled based 
on information detected by the sensor or antenna. 

Brief Description Of Drawings 
15 These and other aspects and features of the 

present invention will become clear from the following 

description taken in conjunction with the preferred 

embodiments thereof with reference to the accompanying 

drawings, in which: 
20 Fig. lA is a plan view of a planar-type joint 

drive mechanism in a first embodiment of the present 

invention; 

Fig. IB is a sectional view of the joint drive 
mechanism of the first embodiment; 
25 Fig. IC is a sectional view representing a 
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deformed state of the joint drive mechanism of the first 
embodiment; 

Fig. ID is a sectional view representing a 
deformed state of the joint drive mechanism' of the. first 
5 embodiment; 

Fig. 2A is a plan view of a planar-type joint 
drive mechanism in a second embodiment of the present 
invention; 

Fig. 2B is a sectional view of the joint drive 
10 mechanism of the second embodiment; 

Fig. 2C is a sectional view representing a 
deformed state of the joint drive mechanism of the second 
embodiment ; 

Fig. 2D is a sectional view representing a 
15 " deformed state of the joint drive mechanism of the second 
embodiment; 

Fig. 3A is a perspective view of a 4~finger type 
grasping hand in the second embodiment of the present 
invention; 

20 Fig. 3B is a perspective view of a 6-finger type 

grasping hand in the second embodiment of the present 
invention; 

Fig. 4A is a perspective view of an elastic hinge 
in the second embodiment of the present invention; 
25 Fig. 4B is a perspective view of the grasping 



hand showing a grasping state in the second embodiment of 
the present invention; 
• '■ ' Fig. 4C: is a perspective view of a hinge in 

another mode of the second embodiment of the present 
5 inventions- 
Fig. 4D is a perspective view of a grasping hand 
showing another grasping state in the second embodiment of 
the present invention; 

Fig. 5A is a perspective view of a multi-axis 
10 rotary type elastic hinge in a third embodiment of the 
present invention; 

Fig. 5B is a perspective view of a drive 
mechanism for the multi-axis rotary type elastic hinge in 
the third embodiment; 
15 Fig. 5C is a sectional view of a drive mechanism 

for the multi-axis rotary type elastic hinge in the third 
embodiment; 

Fig. 6 is a perspective view representing a part 
of a multi-joint drive mechanism using the multi-axis 
20 rotary type elastic hinge in the third embodiment of the 
pre.sent invention; 

Fig. 7A is a sectional view of a planar-type 
joint drive mechanism in a fourth embodiment of the present 
invention; 

25 Fig. 7B is a plan view of the planar-type joint 
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drive mechanism in the fourth embodiment of the present 
invention; 

Fig. 8A is a sectional view of an antagonistic 
drive type joint drive mechanism in the fourth embodiment 
5 of the present invention; 

Fig. 8B is a plan view of the antagonistic drive 
type joint drive mechanism in the fourth embodiment of the 
present invention; 

Fig. 9A is a perspective view of the grasping 
10 hand showing a grasping state in the second embodiment of 
the present invention; 

Fig. 9B is a perspective view of the grasping 
hand showing a grasping state in the second embodiment of 
the present invention; 
15 Fig. 10 is a perspective view of a robot having 

the grasping hand in the second embodiment of the present 
invention; 

Fig. IIA is a sectional view of a joint drive 
mechanism in a fifth embodiment of the present invention; 
20 Fig. IIB is a plan view of the joint drive 

mechanism in the fifth embodiment of the present invention; 

Figs. 12A, 12B, and 12C are block diagrams, 
respectively,, showing a manufacture of the joint drive 
mechanism of the present invention; 
25 Figs. 13A, 13B, 13C, and 13D are block diagrams. 
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respectively, showing another manufacture of the joint 
drive mechanism of the present invention; and 

Fig. 14 is a block diagram showing the structure 
around the pneumatic control of the planar- type joint drive 
5 mechanism in the first embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
10 by like reference numerals throughout the accompanying 
drawings . 

Hereinbelow, various aspects of the present 
invention will be described below before embodiments of the 
present invention are described in detail with reference to 

15 the accompanying drawings. 

According to a first aspect of the present 
invention, there is provided a mult i- joint drive mechanism 
comprising a bone-member layer member in which a plurality 
of bone members are arranged in arrays, the plurality of 

20 bone members being movably coupled at coupling portions, 
and elastically expanding/contracting members which are 
arranged so as to stretch over the coupling portions on a 
contact-surface side of the bone-member layer member that 
makes contact with an object and/or on its noncontact- 

25 surface side opposed to the contact-surface side and 
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moreover which are fixed between the plurality of bone 
members, 

wherein the mul.ti- joint' drive mechanism drives 
flexural motions with the coupling portions " between the 
5 plurality of adjoining bone members serving as joints by 
expanding or contracting the elastically 

expanding/contracting member. 

According to a second aspect of the present 
invention, there is provided the multi- joint drive 
10 mechanism as defined in the first aspect, wherein a degree 
of freedom of the coupling portions is given generally only 
by a degree of rotational freedom and the degree of freedom 
of the coupling portions- at least of proximities of their 
forward ends is restrained to one degree of freedom about 
15 an axis generally perpendicular to a direction the arrays 
of the bone-member layer member. 

According to a third aspect of the present 
invention, there is provided the multi- joint drive 
mechanism as defined in the second aspect, wherein the 
20 coupling portions are constructed by hinges each formed of 
a flat spring. 

According to a fourth aspect of the present 
invention, there is provided the multi- joint drive 
mechanism as defined in the second aspect, wherein the 
25 coupling portions are hinges formed of the bone members 
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themselves by constricting a part of the bone members . 

According to a fifth aspect of the present 
invention, there is provided the- multi- joint drive 
mechanism as defined in the first aspect, wherein a 
5 flexible wiring board having signal lines for connection of 
deformation sensors for detecting deformation amount of the 
coupling portions, and drive lines for electrically driving 
the elastically expanding/contracting members is disposed 
in - proximities to f lexural portions of the coupling 
10 portions. 

According to a sixth aspect of the present 
invention, there is provided the multi-joint drive 
mechanism as defined in the fifth aspect, wherein the 
flexible wiring board serves also as hinges each formed of 

15 a flat spring. 

According to a seventh aspect of the present 
invention, there is provided the multi-joint drive 
mechanism as defined in any one of the first to sixth 
aspects, further comprising a device for expanding or 

20 contracting the elastically expanding/contracting member, 
the device being a device which is driven with air pressure 
applied to a rubber elastic member or a device which is 
driven by heating and cooling shape-memory material or a 
device which is driven with an electric field applied to 

25 electro-active polymer. 
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According to an eighth aspect of the present 
invention, there is provided the mult i- joint drive 
mechanism as defined in the seventh aspect, wherein the 
elastically expanding/contracting member is formed of a 
rubber elastic member, and the - device for expanding or 
contracting the elastically expanding/contracting member is 
a device for performing drive by application of air 
pressure to the rubber elastic member, the multi- joint 
drive mechanism further comprising a multilayer-type 
pneumatic piping layer member having piping for applying 
air pressure to the rubber elastic member. 

According to a ninth aspect of the present 
invention, there is provided a method for manufacturing a 
multi- joint drive mechanism which comprises a bone-member 
layer member in which a plurality of bone members are 
arranged in arrays, the plurality of bone members being 
movably coupled at coupling portions, and elastically 
expanding/contracting members which are arranged so as to 
stretch over the coupling portions on a contact-surface 
side of the bone-member layer member that makes contact 
with an object and/or on its noncontact-surf ace side 
opposed to the contact- surface side and moreover which are 
fixed between the plurality of bone members, wherein the 
multi- joint drive mechanism drives flexural motions with 
the coupling portions between the plurality of adjoining 
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bone members serving as joints by expanding or contracting 
the elastically expanding/ contracting member, the method 
comprising: 

collectively forming at least the bone-member 
5 layer member in which the plurality of bone members are 
arranged in a generally planar fashion; and 

coupling an elastically expanding/contracting 
member-layer member, with which the plurality of 
elastically expanding/contracting members are integrated, 

10 to an adjoining surface of the bone-member layer member on 
the contact-surface side of the bone-member layer member 
that makes contact with an object and/or on its noncontact- 
surface side opposed to the contact-surface side. 

According to a 10th aspect of the present 

15 invention, there is provided a grasping hand having a 
plurality of finger mechanisms provided in opposition, each 
of the finger mechanisms having a multi-joint drive 
mechanism which includes a bone-member layer member in 
which a plurality of bone members are arranged in arrays, 

20 the plurality of bone members being movably coupled at 
coupling portions, and elastically expanding/contracting 
members which are arranged so as to stretch over- the 
coupling portions on a contact-surface side of the bone- 
member layer member that makes contact with an object 

25 and/or on its noncontact-surf ace side opposed to the 
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contact-surface side and moreover which are fixed between 
the plurality of bone members, wherein the mult i- joint 
drive mechanism drives flexural motions, with the -coupling 
portions between the plurality of adjoining bone members 
5 serving as joints by expanding or contracting the 
elastically expanding/contracting member, and 

wherein the grasping hand performs grasping 
operation for the object by expanding or contracting the 
elastically expanding/contracting member to drive the 

10 finger mechanisms. 

According to an 11th aspect of the present 
invention, there is provided the grasping hand as defined 
in the 10th aspect, wherein the grasping hand is enabled to 
grasp the object by the plurality of finger mechanisms 

15 provided in oppositions and has, at least on a grasping 
surface side of the grasping hand, touch sensors such as 
pressure-sensitive sensors or friction sensors, or 
displacement sensors for the coupling portions, or tag 
information detection antennas, wherein grasping operation 

20 is controlled based on information detected by the sensors 
or antennas . 

According to a 12th aspect of the present 
invention, there is provided the grasping hand as defined 
in the 10th or 11th aspect, wherein at least a part of the 
25 grasping surface side of the grasping hand is covered with 
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a high-friction soft material such as rubber. 

According to a 13th aspect of the present 
invention, there is provided the grasping hand as defined 
in the lOth or 11th aspect, wherein the elastically 
5 expanding/contracting member is provided on an outer side- 
face side of the grasping hand, the elastically 
expanding/contracting . member including both expansion type 
and contraction type ones so as to drive the grasping 
operation by antagonistic action of both types, 

10 According to a 14th aspect of the present 

invention, there is provided the grasping hand as defined 
in the ninth or 11th. aspect, wherein a grasping-object 
inf onnation detection device such as an ultrasonic type or 
image pick-up type or other grasping object detection 

15 sensor or camera or a tag information detection antenna is 
provided at a base portion of the grasping hand, whereby 
the grasping operation is controlled based on grasping- 
object information detected by the grasping-object 
information detection device, 

20 According to a 15th aspect of the present 

invention, there is provided a robot comprising: a grasping 
hand having a plurality of multi-joint drive mechanisms, 
each of the multi- joint drive mechanisms having a bone- 
member layer member in which a plurality of bone members 

25 are arranged in arrays, the plurality of bone members being 
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movably coupled at coupling portions, and elastically 
expanding/ contracting members which are arranged so as to 
stretch over the coupling ^portions on a contact-surface 
side of the bone-member layer member that makes contact 
with an object and/or on its noncontact-surf ace side 
opposed to the contact-surface side and moreover which are^ 
fixed between the plurality of bone members, wherein the 
multi-joint drive mechanisms drive flexural motions with 
the coupling portions between the plurality of adjoining 
bone members serving as joints by expanding or contracting 
the elastically expanding/contracting member; and 

a pressure-sensitive sensor, friction sensor or 
other touch sensor, or a displacement sensor for the 
coupling portions provided on the grasping hand, whereby 
grasping operation of the grasping hand is controlled based 
on information detected by the sensor or antenna. 

According to a 16th aspect of the present 
invention, there is provided the robot as defined in the 
15th aspect, further comprising a grasping-object 
information detection device such as an ultrasonic type or 
image pick-up type or other grasping object detection 
sensor or camera or a tag information detection antenna, 
whereby the grasping operation of the grasping hand is 
planned and controlled based on grasping-object information 
detected by the grasping-object information detection 
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device . 

According to a ■ 17th aspect of the present 
invention, there is provided the multi- joint drive 
mechanism as defined in the first aspect, wherein the bone- 
5 member layer member has the plurality of bone members 
arranged in arrays and in a generally planar fashion. 

Now various embodiments of the present invention 
will be described below with reference to the accompanying 
drawings . 
10 (First Embodiment) 

Figs. lA and IB are a plan view and a sectional 
view, respectively, of planar-type (flat plane-type in this 
case) joint drive mechanisms 100, 100 in a first embodiment 
of the present invention. The joint drive mechanisms 100, 
15 100 shown in Figs. lA to ID are driven by a driving source 
which is a pneumatic actuator that expands with air 
pressure applied thereto. 

In Figs. lA and IB, a plurality of bone members 1, 
e.g. four rectangular-plate-shaped bone members 1 
20 (reference numerals 1-1, 1-2, 1-3, 1-4 are used when places 
are specifically designated, and reference numeral 1 is 
generically used when not) are coupled to each other by one 
elongated rectangular-plate-shaped coupling member 2, where 
respective adjoining bone members 1 and 1 are made movable 
25 relative to each other by respective coupling portions 2A 
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of the coupling member 2 (i.e., portions that function as 
joints of the multi-joint drive mechanism 100) , and where 
elastic expansion/contraction members 3 (reference numerals 
3-1, 3-2, 3-3 are used when places are specifically 
designated, and reference numeral 3 is generically used 
when not) are fixed to the bone members 1-1, 1-2, 1-3, 1-4 
by fixing portions 4, 4 to so as to stretch over those 

coupling portions 2A, 2A. These fixing portions 4 serve 

as portions that exert force on the bone members 1, 
respectively, upon expansion and contraction of the elastic 
expansion/contraction members 3, and need to be fixed at 
these sites to transfer this force. Therefore, the fixing 
portions 4 are formed of a structure, for example, that 
protruding portions provided in the elastic 
expansion/contraction members 3 are fitted into recessed 
portions la provided in the bone members 1 . 

In this case, the four bone members 1 (1-1, 1-2, 
1-3, 1-4) are so structured that the bone member 1-1 at the 
forward end (left end of Fig, lA) is roughly equal in 
length to the bone member 1-4 at the base end (right end of 
Fig. lA) , and that the second bone member 1-2 and the third 
bone member 1-3 are roughly equal in length to each other 
and longer than the forward end bone member 1-1, thus the 
structure being close to that of the human arm. The joint 
drive mechanisms 100, 100, although shown as being arranged 
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in two arrays in Fig. lA, yet may actually be arranged in 
opposition to each other so as to be enabled to fulfill 
grasping operation or the like. Also, a base end portion 
of each base-end side bone member 1-4 is fixed at a fixing 
5 portion 10 of each multi- joint drive mechanism 100. 

The bone members 1-1, 1-2, 1-3, 1-4 are provided 
by using flat plates of high-in-rigidity but light-in- 
weight plastics such as polyethylene or its foams. The 
plurality of bone members 1-1, 1-2, 1-3, 1-4 are arranged 
10 in array in straight line along their longitudinal 
direction (array direction) , and moreover the plurality of 
bone members 1-1, 1-2, 1-3, 1-4 as a whole form a bone- 
member layer member 101 that is disposed in a generally 
planar mode . 

15 The coupling member 2 is provided by using a flat 

spring made of a metal such as phosphor bronze or stainless 
or a plastic such as polypropylene or polyethylene 
terephthalate, and end portions of the coupling member 2 
are bonded to the recessed portions la, la of adjoining 

20 bone members 1, 1, respectively, by means of adhesive, and 
an elastic hinge is formed between the two adjacent bone 
members 1, 1 at their coupling portions 2A so ■ that to the 
coupling member 2 is given a degree of freedom of rotation 
around one axis of a direction (vertical direction in Fig. 

25 lA) perpendicular to the longitudinal direction of the 
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coupling portions 2A. 

The elastic expansion/contraction members 3 (3-1, 
3-2, 3-3), containing therein a device that expands or 
contracts the relevant elastically expanding/contracting 
5 member 3, are formed of neoprene or silicon or other rubber 
so as to have an outer shape generally close to a flat 
shape and have in their interior a pneumatic operation 
chamber communicating with air-pressure introducing 
passages 5 (reference numerals 5-1, 5-2, 5-3 are used when 

10 places . are specifically designated, and reference numeral 5 
is generically used when not) , and further contain 
pneumatic actuators 3-1, 3-2, 3-3 which expands along the 
lengthwise direction by application of air pressure with 
the air pressure introduced from the air-pressure 

15 introducing passages 5-1, 5-2, 5-3 into the pneumatic 
operation chamber. Also, these pneumatic actuators 3-1, 3- 
2, 3-3 contract along their lengthwise direction by the air 
pressure being conversely reduced below the atmospheric 
pressure. Out of these plural pneumatic actuators 3-1, 3-2, 

20' 3-3, adjacent pneumatic actuators are coupled together by 
an elastically expanding/contracting member coupling 
portion 3A made of the same rubber material (reference 
numerals - 3A-2, 3A-3 are used when places are specifically 
designated, and reference numeral 3A is generically used 

25 when not), and integrated together as a whole. In order 
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that this integrated elastically expanding/contracting 
member- layer member 103 is stacked collectively on the 
bone-member layer member 101, the pneiimatic actuators may 
also be coupled also at elastically expanding/contracting 
member coupling portions 3B, 3B as required to form a whole 
structure, and thereafter cut off. 

. The individual pneumatic actuators 3-1, 3-2, 3-3, 
which are the elastically expanding/contracting members 3-1, 
3-2, 3-3, are connected to a pneumatic controller 6 by a 
plurality of air-pressure introducing passages 5-1, 5-2, 5- 
3, respectively, and driven by control of air pressure. 

As shown in Fig. 14, the pneumatic controller 6 
is composed roughly of an air-pressure driving source 6B 
such as a pressurization pump, opening/closing valves 6C-1, 
6C-2, 6C-3, such as solenoid valves, interposed at 
connection end portions of the air-pressure introducing 
passages 5-1, 5-2, 5-3 connected to the air-pressure 
driving source 6B, and a control section 6A which performs 
drive control of the air-pressure driving source 6B as well 
as opening and closing control of the opening/closing 
valves 6C-1, 6C-2, 6C-3. Under the drive control of the 
air-pressure controller 6B by the control section 6A, 
necessary opening/closing, valve (s) 6C-1, 6C-2, 5C-3 are 
opened so that compressed air is supplied from the air- 
pressure controller 6B to necessary air-pressure 
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introducing passage (s) 5-1, 5-2, 5-3, by . which necessary 
elastically expanding/contracting member (s) 3-1, 3-2, 3-3 
are expanded, respectively. 

The air-pressure introducing passages. 5-1, 5-2, 
5 5-3 are provided by using pneumatic line tubes made of- 
polyurethane/ and rubber actuators 3-1, 3-2, 3-3 and 
connection joint components are connected together, as 
required, by means of adhesion, press fit, or the like. 
These air-pressure introducing passages 5-1, 5-2, 5-3 may 

10 also be formed inside elastically expanding/contracting 
member coupling portions 3A-2, 3A-3. 

As a concrete example, a 150 mm long one-finger 
structure multi- joint drive mechanism was fabricated with a 
structure that four 5 mm thick, 18 mm wide, and 20 mm - 50 

15 mm long bone members made of expanded polyethylene resin 
were used as the bone members 1, a 0.25 mm-thick thin sheet 
of polyethylene terephthalate resin was bonded as the 
coupling member 2 on those bone members, and 5 mm thick-in- 
outer-diameter, 13 mm wide, and 10 mm long hollow members 

20 made of neoprene rubber as the elastically 
expanding/contracting members 3 as well as air line tubes 
made of 4 mm-dia. polyurethane resin as the coupling 
portions 3A were coupled to the bone members 1 for both 
piping and coupling use. As a result, the weight of the 

25 multi- joint drive mechanism was as light as 20 gf . 
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It is noted that reference niimeral 32 in Fig. lA 
is an elastically expanding/contracting member disposed so 
as to be stretched . over the base end portions of the bone 
members between the bone member arrays, where the gap 
5 between the bone member arrays of the mult i- joint drive 
mechanisms 100, 100 can be efficiently widened by making 
this elastically expanding/ contracting member 32 expanded. 

Figs. IC and ID are sectional views representing 
deformed states of the respective joint drive mechanisms 

10 100 that are expanded or contracted with air pressure 
applied to the pneiimatic rubber actuators 3-1, 3-2, 3-3, 
which are the elastically expanding/contracting members 3-1, 
3-2, 3-3, or with the pressure reduced to below the 
atmospheric pressure, by the pneumatic controller 6. Fig. 

15 IC shows a state in which the actuators 3-1, 3-2, 3-3 are 
expanded in their longitudinal direction by the application 
of air pressure and. thus are bent with portions of the 
coupling member 2, i.e. the coupling portions 2A, serving 
as elastic hinges. In a case where the flat spring is used 

20 as the coupling member 2, although a restoring force acts 
by virtue of the elasticity of the spring, yet enough large 
force is generated by the pneumatic actuators 3-1, 3-2, 3-3 
against the restoring force, thus allowing the individual 
multi-joint drive mechanisms 100 to be bent in upward 

25 protrusions of Fig. IC at their hinge portions. 
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respectively. Fig. ID shows a state that the actuators 3-1, 
3-2, 3-3 are contracted in their longitudinal direction by 
reduction of air pressure (pressure reduction to below the 
atmospheric pressure) . In this case, the actuators 3-1, 3- 
5 2, 3-3 are deformed so as to be bent in a direction 
opposite to that of Fig. IC, i.e., in downward protrusions 
of Fig. ID. The pressure reduction can be achieved by a 
pressure-reducing pump (vacuum pump) 6D (see Fig. 14) which 
is provided and set in the pneumatic controller 6 

10 independent of the pressurization pump 6B, and by switching 
this pressure-reducing pump with the valves. In either 
case, the amount of resultant deformation can easily be 
changed by changing the pressure of pressurization or 
reduction. It is noted that although a case of deformation 

15 in the opposite direction by pressure reduction has been 
explained in Fig. ID, yet it is also possible that with the 
pneumatic actuators 3-1, 3-2, 3-3 operated only for 
pressurization, the individual multi- joint drive mechanisms 
100 are restored to the original posture with the restoring 

20 force of the elasticity of the flat spring by canceling the 
pressurization. 

According to the first embodiment, the plurality 
of bone members 1-1, 1-2, 1-3, 1-4 are disposed in a planar 
arrangement in an identical layer, while the elastically 

25 expanding/contracting members 3-1, 3-2, 3-3 are also 



27 

provided in adjacency .to one side of this layer, thus 
making up a planar-type thin drive mechanism composed pf 
the bone members 1-1/ 1-2, 1-3, 1-4, the coupling member 2, 
and the elastically expanding/contracting members 3-1, 3-2, 
5 3-3. As a result, there is provided a small-sized, 
lightweight joint drive mechanism. 

Also in terms of manufacture, since the bone- 
member layer member 101 in which the plurality of bone 
members 1-1, 1-2, 1-3, 1-4 are disposed in a generally 

10 planar arrangement can be collectively formed up and 
moreover the elastically expanding/ contracting members 3-1, 
3-2, 3-3 can be coupled to their adjoining surfaces of the 
bone-member layer member 101, there can be provided a 
■ device which can be manufactured by a manufacturing method 

15 good at collective mass productivity even with a structure 
in which a multiplicity of bone members 1-1, 1-2, 1-3, 1-4 
are coupled, and yet which is low in price. 

Further, even in a case where a multiplicity of 
bone members 1-1, 1-2, 1-3, 1-4 are separately provided, 

2 0 these members are positioned on the same bone-member layer 
member 101, and thus, it is also possible, as in the 
foregoing case of the integrated pneumatic actuators 3-1, 
3-2, 3-3, that those bone members are disposed in a planar 
structure and coupled at dummy coupling portions, in which 

2 5 arrangement the elastic expanding/ contracting members 3 are 
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coupled to their adjoining surfaces and thereafter 
separated at these dummy coupling portions. The coupling 
at these portions may be achieved simply by . such a means as 
fitting, press fit, or adhesion into the respective 
5 recessed portions la formed in the bone members 1-1, 1-2, 
1-3, 1-4. 

(Second Embodiment) 

Figs. 2A and 2B are a plan view and a sectional 
view, respectively, of a planar-type joint drive mechanism 

10 in a second embodiment of the present invention. The 
planar-type joint drive mechanism is one in which the joint 
drive mechanism 100 described in the first embodiment is 
additionally provided with a sensing function. Figs. 2A 
and 2B represent only one array of the joint drive 

15 mechanism 100 composed of arrayed bone members 1-1, 1-2, 1- 
3, 1-4, but the joint drive mechanism 100 may be provided 
in two arrays like Fig. 1, and otherwise may be provided in 
multiple arrays. Further, Figs. 2C and 2D show states in 
which the individual joint drive mechanisms 100 are 

20 deformed by expanding or contracting the elastically 
expanding/ contracting members 3-1, 3-2, 3-3. Furthermore, 
Figs. 3A and 3B represent perspective views of grasping 
hands using this planar-type joint drive mechanism 100 in 
quantities of four and six, respectively. The elastically 

25 expanding/contracting members 3-1, 3-2, 3-3 are provided on 



29 

the outer side faces of the grasping hands, while the 
coupling members 2 are positioned on the grasping face 
sides of the hands . 

Referring to Figs. 2A to 2D, as the coupling 
5 portions 2A, 2A of the bone members 1-1, 1-2, 1-3, 1-4 

are largely bent by being driven, a flexible wiring board 7 
which is equipped with signal lines for connection of 
sensors such as deformation amount sensors 8, 8 of the 

respective coupling portions 2A, connection lines such as 

10 drive lines for electrically driving the elastically 
expanding/contracting members 3-1, 3-2, 3-3 is disposed 
adjoining to the coupling portions 2A, 2A. On the 

flexible wiring board 7 are provided the deformation amount 
sensors 8, 8 for detecting deformation amounts of the 

15 individual coupling portions 2A, 2A as well as touch 

sensors or tag information detection antennas 9, 9 such 

as pressure-sensitive sensors, shearing force sensors, or 
friction sensors, for detecting the working force, i.e. 
grasping force, derived from the grasping hand directed to 

20 a grasping object. These members are electrically 

connected to the control section 6A or the like by a 
connection line 7A. 

In this case, since the tag information detection 
antennas 9 can detect or record various types of 

25 information related to a grasping object from a tag 
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attached to the grasping object. In particular, by 
providing the antennas on the contact surface side of the 
joint drive mechanism portion that corresponds to the 
finger and that approaches most to the grasping object in 
5 grasping operation, it becomes possible to detect the tag 
information at a position close to the grasping object, so 
that its detection precision can be enhanced. Information 
for determination of control in the grasping for reliable 
fulfilment of the grasping is detected, the information 

10 being such as configuration, weight, softness, or fragility 
.of the grasping object and moreover proper grasping force 
therefor and - which site to perform the grasping as 
preferable detection information, and then the grasping 
operation is performed. Further, information as to results 

15 of performing the grasping operation, such as a weight 
change of a remainder of a drink bottle, a position or 
posture after a move, and a success or failure of grasping, 
which are items of information for controlling the re- 
grasping of the same grasping object, can be recorded. 

20 With the above constitution, while information as 

to the grasping force by the grasping hand against the 
grasping object is detected by the touch sensors or tag 
information detection antennas 9, 9, air pressure 

control is performed by the control section 6A to control 

25 the drive of the actuators 3-1, 3-2, 3-3 so that flexural 



31 



operation at each joint is controlled. As a result of this, 
when the grasping object starts to be grasped .by the 
grasping hand, i.e., when the multi- joint drive mechanisms 
100 start to make contact with the grasping object, 
deformation amounts at the respective coupling portions 2A, 
2A detected by the deformation amount sensors 8, 8 
are inputted to the control section 6A, and the drive of 
the actuators 3-1, 3-2, 3-3 by the control section 6A is 
further controlled based on the deformation amounts of the 
individual coupling portions 2A, 2A as well as on the 

grasping force information derived from the touch sensors 
or tag information detection antennas 9, 9 so that 

flexural operations at the individual joints are further 
controlled, by which the grasping operation of the grasping 
object is fulfilled more reliably. Thus, a possibility 
that excessive grasping force may be exerted on the 
grasping object by the grasping hand and cause damage of 
the grasping object, or a possibility of insufficient 
grasping due to lack of grasping force can be prevented. 
Conversely, when grasping release operation for the 
grasping object is performed, the individual multi- joint 
drive mechanisms 100 are made to separate away from the 
grasping object by reverse drive of the actuators 3-1, 3-2, 
3-3 performed by the control section 6A. 

As shown above, by the disposition of the 



32 

flexible wiring board 7 on a layer close to flexural 
portions of the coupling portions 2A, 2A, the flexible 

wiring board 7 is prevented from being largely warped even 
if the multi-joint drive mechanisms 100 are driven, thus 
5 making it implementable to provide a device having high 
reliability against iterative operations. In other words, 
in a state that the sheet-like coupling member 2 is curved, 
intermediate-layer plane whose strain in the longitudinal 
direction is zero comes to a center position in" its 

10 thicknesswise direction according to the strength of 
materials, where strain increases with increasing distance 
from the intermediate-layer plane. Therefore, by disposing 
the flexible wiring board 7 in proximity to the coupling 
member 2, it is implementable to make up a structure that 

15 the flexible wiring board 7 is prevented from being largely 
distorted. 

Also, the joint drive mechanism 100 of the second 
embodiment has a planar-type structure, which is a 
structure excellent in process compatibility and suited to 

20 multi-layering of the flexible wiring board 7 similarly 
based on a planar structure. Moreover, since the joint 
drive mechanism 100, which is planar structured as a whole, 
can be formed into a small-sized, lightweight device even 
with a sensing function included. Still also, when the 

25 driving- source actuators 3-1, 3-2, 3-3 are driven so as to 
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average pressure signals of pressure-sensitive sensors as 
an example of the touch sensors correspondingly provided on 
the respective bone members 1 (1-1, 1-2, 1-3, 1-4) of the 
multi-joint drive mechanism 100, it becomes possible to 
5 grasp grasping objects of various configurations along 
their configurations, so that the grasping using this 
grasping hand can be made more flexible in responsivity . 

Figs. 3A and 3B represent perspective views of 
grasping hands using the joint drive mechanisms 100 of Figs. 
10 2A and 2B, where the joint drive mechanism 100 is provided 
in a plural quantity in opposition so as to be given a 
grasping function. Fig. 3A shows a 4-finger type grasping 
hand in which two groups each of two fingers each formed 
from the joint drive mechanism 100 are opposed to each 
15 other. Fig. 3B shows a 6-finger type grasping hand in 
which two groups each of three fingers each formed from the 
joint drive mechanism 100 similarly are opposed to each 
other. Referring to Fig. 3B, the 6-finger type grasping 
hand is so constructed that, as compared with outer-side 
20 finger joint mechanisms 100a, 100c each formed from the 
joint drive mechanism 100, a mid-side finger joint 
mechanism 100c formed from the joint drive mechanism 100 is 
larger in joint-to- joint distance so that the joints are 
shifted in position and increased in length, while the mid- 
25 side finger joint mechanism 100c is made longer than the 
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outer-side finger joint mechanisms lOOa, 100c so as to be 
protruded from the outer-side finger joint mechanisms 100a, 
100c. As a result of this, it becomes possible to flexibly 
grasp the grasping object in a wrapping-up manner along its 
5 configuration. 

Referring to Fig. 3A, the base-end side bone 
members 1-4 are fixed to a fixing portion lOA of the joint 
drive mechanism 100 in opposition to each other. The base- 
end side bone members 1-4 are so provided that one 

10 rectangular-plate shaped bone member 1-4A is shared by 
adjoining two joint drive mechanisms 100, 100. On a 
grasping face side 11 of the grasping hand are provided 
touch sensors or tag information detection antennas 13 such 
as pressure-sensitive sensors, shearing force sensors, or 

15 friction sensors, which are connected to the control 
section 6A or the like, and moreover at its coupling 
portions 2A are provided displacement sensors 8 which are 
connected to the control section 6A or the like to detect 
displacements of the coupling portions 2A, 2A, 

20 respectively. With this constitution, while information as 
to the grasping force by the grasping hand on the grasping 
object is detected by the touch sensors or tag information 
detection antennas 13, 13, air pressure control is 

performed by the control section 6A to control the drive of 

25 the actuators 3-1, 3-2, 3-3 so that flexural operation at 
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each joint is controlled. As a result of this, when the 
grasping object starts to be grasped by the grasping hand, 
i.e., when the multi- joint drive mechanisms 100 start to 
make contact with the grasping object, deformation amounts 
5 at the respective coupling portions 2A, 2A detected by 

the deformation amount sensors 8, 8 are inputted to the 

control section 6A, and the drive of the actuators 3-1, 3-2, 
3-3 by the control section 6A is further controlled based 
on the deformation amounts of the individual coupling 

10 portions 2A, 2A as well as on the grasping force 

information derived from the touch sensors or tag 
information detection antennas 13, 13 so that flexural 

operations at the individual joints are further controlled, 
by which the grasping operation of the grasping object is 

15 fulfilled more reliably. Thus, a possibility that 

excessive grasping force may be exerted on the grasping 
object by the grasping hand and cause damage of the 
grasping object, or a possibility of insufficient grasping 
due to lack of grasping force can be prevented. Conversely, 

20 when grasping release operation for the grasping object is 
performed, the individual multi- joint drive mechanisms 100 
are made to separate away from the grasping object by 
reverse drive of the actuators 3-1, 3-2, 3-3 performed by 
the control section 6A. 

25 The elastically expanding/ contracting members 3-1, 
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3-2, 3-3 are provided on the outer side face side 12 of the 
grasping hand, and driven with air pressure applied from 
the air-pressure introducing passages 5-1, 5-2, 5-3. A 
grasping face side 11 of the grasping hand is covered with 
5 a soft material 14 haying a high coefficient of friction, 
such as rubber, with a view to ensuring a steady grasping 
of the grasping object, while the outer side face side 12 
of the grasping hand is also covered with the soft material 
14 for shock- absorption. It is noted that this joint drive 

10 mechanism is driven in the grasping direction with air 
pressure applied, and opened in a direction opposite to the 
grasping direction by pressure reduction. 

This grasping hand is small in size and light in 
weight by virtue of the use of the above-described joint 

15 drive mechanism 100, and moreover high in compliance 
because of the elastic expanding/contracting members 3 used 
as a driving source, hence a device which is essentially 
safe against contact and collisions with persons and highly 
compatible with persons in combination of those two 

20 features. In particular, pneumatic actuators 3, when used 
as a driving source, show high compliance by virtue of the 
compressibility of air, thus preferable in this respect. 
Still also, the driving-source actuators 3-1, 3-2, 3-3 are 
driven so as to average pressure signals of pressure- 

25 sensitive sensors as an example of the touch sensors 
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correspondingly provided on the respective bone members 1 
(1-1, 1-2, 1-3, 1-4) of the multi-joint drive mechanism 100, 
and thus, it becomes possible to grasp grasping objects of 
various configurations along their configurations, so that 
5 the grasping using this grasping hand can be made more 
flexible in responsivity . 

Fig. 4A is a perspective view for explaining 
dynamic properties of an elastic hinge mechanism 
corresponding to a joint of the mult i- joint drive mechanism 

10 100 from which the grasping hand is formed, where adjoining 
bone members 1, 1 are coupled to each other by a flat 
spring of the coupling member 2, and the degree of freedom 
of the coupling portion 2A of the coupling member 2 is 
restrained only to degree of freedom of one-rotation about 

15 a Z axis. Therefore, a force 15 in the Z-axis direction 
applied to the forward-end side (left side in Fig. 4A) bone 
member 1 can firmly be sustained with its reaction force 
given as a moment force 16 about the longitudinal direction 
(X-axis direction) by the other end portion of the base-end 

20 side (right side in Fig. 4A) bone member 1. Still, this 
property of force, which is effective irrespective of a 
flexural angle of the coupling portions 2A if the elastic 
hinge portion has enough high torsional rigidity, does not 
depend on the force generated by the actuators 3-1, 3-2, 3- 

25 3 . that serve as a driving source for the joint drive 
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mechanism 100. 

Fig. 4B is a perspective view showing a state of 
grasping a columnar grasping object by the 4-finger ^type 
grasping hand explained in Fig. 3A. With the columnar 
5 grasping object 17 held by the joint drive mechanisms 100 
therebetween, if the frictional force at the gripping 
surface by that holding force surpasses the gravity of the 
columnar grasping object 11, this grasping object can be 
held without being let to fall. In this case, a force 15A 

10 applied to the joint drive mechanism 100 can be sustained 
with its reaction force given as a moment force 16A of Fig. 
4A by the base-end bone member 1-4. The property of the 
moment force 16A is effective irrespective of a flexural 
angle of the coupling portions 2A, and therefore the 

15 grasping operation can be performed flexibly and stably by 
applying a grasping force in which gravity and frictional 
force are taken into consideration even if the grasping 
object 17 varies in size, its diameter in the case of a 
column. Further, the property of the moment force 16A does 

20 not depend on the driving force generated by the actuators 
3-1, 3-2, 3-3 that serve as a driving source for the joint 
drive mechanism 100, and the grasping can be fulfilled only 
with a stable, minimum grasping force in which the gravity 
and the frictional force are taken into consideration. 

25 With the pneumatic actuators 3-1, 3-2, 3-3 used. 
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for example, those each having a working cross-sectional 
area of approximately 1 cm^, applying an air pressure of 1 
atmosphere made it possible to hold the coliimnar grasping 
object 17 therebetween with a grasping force of 
5 approximately 200 g. This grasping hand was able to lift a 
grasping object 17 of a columnar container filled with 
water and having a weight of 1 kg. 

Fig.. 4D is a perspective view showing a state in 
which an egg-like grasping object 17 is grasped by the 6- 

10 finger type grasping hand shown in Fig. 3B- Referring to 
Fig. 3B, the 6-finger type grasping hand is so formed that, 
as compared with the outer-side finger joint mechanisms 
100a, 100c, the mid-side finger joint mechanism 100c is 
made larger in joint-to- joint distance with the joints 

15 shifted in position and protruded by their lengths being 
varied. As a result of * this, it becomes possible to 
flexibly grasp the grasping object 17 in a wrapping-up 
manner along the configuration of the grasping object 17. 
In Fig. 4D, it can be seen that the finger joint mechanisms 

20 100a, 100c, 100c have become deformed in shape to their 
respective optimum diameters at height-wise places of 
different diameters of the egg-like grasping object 17, 
thus flexibly extending along the grasping object 17. By 
varied distributions of the bone members 1 (1-1, 1-2, 1-3, 

25 1-4) with differences in length, width, joint position, and 
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joint count or of the finger joint mechanisms with 
differences in length and direction, and the like, it 
becomes possible to provide a grasping hand which becomes 
deformed flexibly along an object so as to be able to grasp 
5 the object irrespective of the configuration of the 
grasping object 17. 

Here is explained a case where a columnar 
grasping object 20 with a flange 20A attached thereto is 
grasped by the grasping hands described in Figs. 3A and 3B. 

10 Fig. 9A is a perspective view showing a state in 

which the columnar grasping object 20 with .a disc-shaped 
flange 20A attached is grasped by the grasping hands 
described in Figs. 3A and 3B. In this figure, it is shown 
that the columnar grasping object 20 with the flange 20A 

15 attached is held by the joint drive mechanisms 100 
therebetween. In this case, as shown in Fig. 9A, forces 
15B, 15B applied to the joint drive mechanisms 100, 100 on 
both sides of the grasping object 20, respectively, can be 
borne by the base-end bone members 1-4A, 1-4A as moment 

20 forces 16B, 16B of their reaction-forces. In this case, 
since the underside of the flange 20A is, so to speak, 
mounted on tops of the arrays of the mutually opposing 
joint drive mechanisms 100, 100, respectively, the holding 
force has only to be a minimum grasping force that allows 

25 the grasping object 20 to be maintained in posture without 
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the need for generating a frictional force that surpasses 
the gravity of the grasping object 20. This is due to the 
property of the moment forces 16B, 16B. 

Furthermore, in Fig. 9A, a case where the 
5 columnar grasping object 20 with the flange 20A attached on 
top is grasped has been described. However, with the use 
of the grasping hand in which a plurality of arrays of the 
multi- joint drive mechanisms 100 are provided in opposition 
to each other, in the case of grasping a grasping object 

10 having a downwardly narrowed configuration, such as of 
wineglasses, teacups, or other containers, the grasping 
object comes, at these portions, to be somewhat mounted on 
tops of some of the arrays of joint drive mechanisms as 
described above. This makes it possible to grasp various 

15 grasping objects flexibly and yet with a minimum grasping 
force . 

Fig. 9B is a perspective view showing a state in 
which a columnar grasping object 22 in a laterally laid 
posture (i.e., a posture with its longitudinal direction 

20 lateral) is grasped by the grasping hands described in Figs. 
3A and 3B. For grasping of the coliamnar grasping object 22, 
flexing forward end portions IB, IB of four multi- joint 
drive mechanisms 100, 100 to a larger extent makes it 

possible to grasp the grasping object 22, as if the 

25 grasping object 22 were hooked by a claw, with the weight 
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of the grasping object 22 firmly supported. Referring to 
Fig. 9B, forces 23, 23 applied to the four multi-joint 

drive mechanisms 100, 100 of the grasping hand by the 

gravity of the grasping object 22 and the frictional force 
5 due to grasping are transferred as moment forces at the 
individual coupling portions 2A of these multi-joint drive 
mechanisms 100, 100, and sustained at the base-end bone 

member 1-4A portion of each multi-joint drive mechanism 100 
with the reaction force as a moment force 24. By virtue of 

10 a high rigidity of each multi-joint drive mechanism 100 in 
its array direction, the force applied to the grasping hand 
due to the grasping can firmly be sustained at the fixing 
portion lOA of the multi- joint drive mechanism 100. 

Fig. 4C shows a hinge structure described in Fig. 

15 4A, i.e., another mode of the coupling portion, where the 
bone member 1 is partly constricted to provide a hinge lA 
formed of the bone member itself. In this case, since no 
other coupling member is required, the structure is simple, 
and moreover since the bone-member layer member 101 is 

20 preparatorily integrated, the structure is suitable for 
integration of other layer members. In the case of Fig. 4C 
also, as shown by Fig. 4A, the degree of freedom of the 
coupling portion, i.e., the hinge lA is restrained to one 
degree of freedom. Therefore, a force 15 in the Z-axis 

2 5 direction applied to each forward-end side bone member 1 (a 
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bone iaeit±)er 1 corresponding to the left side in Fig. 4A) 
can firmly be sustained with its reaction force given as a 
moment force 16 at the other end portion of the base-end 
side bone member 1 (a bone member 1 corresponding to the 
5 right side in Fig. 4A) . For formation of such a hinge 
formed of the bone member itself, polypropylene is suitable 
as its material. Polypropylene causes less deterioration 
of strength against large repeated deformation at the hinge 
portion. In this case, unlike the case in which the hinge 

10 is given by the flat spring described in the first 
embodiment or second embodiment, elastic restoring force is 
not involved at this hinge portion. Whereas the force 
generated by the actuators 3-1, 3-2, 3-3 damps in response 
to an electric deformation amount given that an elastic 

15 restoring force is generated, there is a merit that no 
decrease of the generated force is involved in the hinge of 
this type. . 

Next, a perspective view of a robot equipped with 
the grasping hand described in the second embodiment is 

20 shown in Fig. 10. The grasping hand 50 is coupled to and 
driven by a moving wagon 51 serving as a robot main unit 
via two arms 52, 52. The moving wagon 51 can be moved and 
positioned to an arbitrary position under the control by a 
control section 56 accommodated inside the moving wagon 51. 

25 Each of the arms 52 are rotatably supported at their both 
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end portions, where • the lower arm 52 rotates relative to 
the moving wagon 51 while the upper arm 52 rotates relative 
to the lower arm 52, by motor drive under the condition of 
the control section 56, thus allowing the grasping hand 50 
to be moved to any arbitrary position. The robot including 
the grasping hand 50 described in the second embodiment is 
provided, on the grasping face side of the grasping hand 50, 
with sensors 53, 53 such as touch sensors such as pressure- 
sensitive sensors or friction sensors, or displacement 
sensors of the individual coupling portions 2A, or tag 
information detection antennas. Therefore, in the robot 
using this grasping hand 50, the control section 56 that 
has received signals 54 of those sensors 53, 53 generated 
along with the grasping operation on the grasping object is 
enabled based on these signals 54 to drive the arms 52 and 
the grasping hand 50 by using signals 55 for controlling 
the grasping operation. For example, the driving-source 
actuators 3-1, 3-2, 3-3 .are driven under the control by the 
control section 6A to which operation control start signals 
for the grasping hand 50 have been inputted from the 
control section 56 so as to average pressure signals of the 
pressure-sensitive sensors 53, 53 correspondingly, provided 
on the respective bone members 1 of the multi-joint drive 
mechanisms 100 of the grasping hand 50, and thus, it 
becomes possible to grasp grasping objects of various 
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configurations along their configurations, so that the 
grasping using this grasping hand 50 can be made more 
flexible in responsivity-. 

Further, in the robot using the grasping hand 50 
5 equipped with a pair of grasping-object information 
detection devices 57 such as ultrasonic type or image pick- 
up type or other grasping object detection sensors or 
cameras or tag information detection antennas or other 
sensors at the fixing portion lOA of the grasping hand as 

10 shown in Fig. 10, it is implementable to control the 
grasping hand 50 by planning a grasping operation based on 
grasping-object information detection signals derived from 
the grasping-object information detection device 57 such as 
the sensors or cameras or antennas and moreover generating 

15 a motional locus of the arms 52 or the grasping hand 50 
* related to the grasping operation. In this case, 

combinatorially using signals obtained from the 
displacement sensors of the described-above coupling 
portions makes it possible to perform grasping control 

20 under the detection of a posture of the grasping hand as 
well as a more precision obtaining of a position relative 
to the grasping object. 
(Third Embodiment) 

Figs. 5A, 5B, and 5C show drive mechanisms in 

25 which a rotational degree of freedom of two or three axes 
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is implemented in a planar fashion by an elastic hinge 
structure using a flat spring. Coupling portions of the 
bone members 1, each of which is formed into such a shape 
as to become a butting portion IB whose width gradually 
5 decreases, are coupled together by a flat spring 30 made of 
rubber having a proper rigidity. This structure provides a 
universal joint mechanism capable of rotating about the X, 
Y, and Z axes. When a material having sufficiently large 
rigidity of the flat spring 30 is selected, the in-plane 

10 rigidity of the flat spring 30 is larger than its flexural 
rigidity and torsional rigidity, and thus, it is also 
possible to restrain the degree of freedom for , rotation 
about the Z axis. As shown in Figs . 5B and 5C, strip- 
shaped elongate elastically expanding/contracting members 

15 31 of the same structure as the elastic 
expanding/contracting members 3 (e.g., pneumatic actuators) 
are disposed on both sides of the butting portion IB and on 
both front and rear sides with both end portions thereof 
fixed to adjoining bone members 1, 1, where the pneumatic 

20 actuators of these four elastically expanding/contracting 
members 31, 31 are drivable in free directions by being 
driven antagonistic to each other. 

Fig. 6 is a perspective view representing a part 
of a planar-type multi-joint drive mechanism lOOG in which 

25 the universal joint mechanism shown in above-described Figs. 
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5A - 5C is used instead of the third elastically 
expanding/contracting member 3-3 of one planar-type multi- 
joint drive mechanism. Two arrays of bone members are 
coupled together by a rectangular-plate shaped coupling 
5 bone member IC on the base end side. Using the above 
universal mechanism at a part of a base-end side portion of 
the multi-joint drive mechanism lOOG constituting a finger 
allows the finger tip to be moved in every direction, 
making it achievable to diversify the grasping operation. 

10 In order , to. largely widen the distance between the bone 
member arrays of the multi-joint drive mechanisms 100, lOOG, 
an elastically expanding/contracting member 32 may be 
provided at a base end portion between the bone member 
arrays so that the distance can be efficiently and largely 

15 widened by expanding the elastically expanding/contracting 
member. 

In this example, the degree of freedom of at 
least a coupling portion close to the forward end of the 
drive section is restrained to one degree of freedom, where 

20 the property of the force explained in Fig. 4A in the 
second embodiment is combinatorially provided, so that the 
grasping hand using this joint drive mechanism is enabled 
to firmly sustain the force applied to the hand by the base 
end portion IC of its bone members. 

25 (Fourth Embodiment) 
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Figs. 7A and 7B are a sectional view and a plan 
view, respectively, representing a multi- joint drive 
mechanism lOOH in a fourth embodiment of the present 
invention. Figs. 8A and SB are a sectional view and a plan 
5 view, respectively, representing an antagonistic-drive type 
multi-joint drive mechanism lOOH also in the fourth 
embodiment. The multi- joint drive mechanisms lOOH in 
either case are driven by shape memory alloy. 

The fourth embodiment is an embodiment for cases 

10 where the elastically expanding/contracting members are 
provided on their contact surface side against the grasping 
object and where the elastically expanding/ contracting 
members are provided on the noncontact surface side 
opposite to the contact surface side. 

15 Also, later-described McKibbin type pneumatic 

actuators or electrically drivable electro-active polymers 
may preferably be applied as actuators. 

Referring to Figs. 7A and 7B, with a plurality of 
flat-plate bone members 1 coupled together by a flexible 

20 wiring board 40, elastic hinges 4 OA are made up by making 
use of elasticity of the flexible wiring board 40. On the 
flexible wiring board 4 0 are provided displacement sensors 
42 for the elastic hinges 40A as well as touch sensors 46 
therefor, both of which are connected by connecting lines 

25 41, thus providing functions of detecting posture and 



tactile sense of this joint drive mechanism lOOH* Over the 
elastic hinges 40A of the flexible wiring board 4 0 serving 
as the coupling-portion, shape-memory-alloy wires or coils 
43 (43A, 43B) are fixed to the bone members 1-1, 1-2, 1-3, 
5 1-4 and the fixing portion 10 by fixing portions 4A, 4A 
and 4B, 4B. The shape-memory-alloy wires or coils 43A 
are fixed to the finger-tip side first bone member 1-1 at 
the fixing portions 4A, and further fixed to a different 
third bone member 1-3 through hook portions 44A provided on 

10 a different second bone member . 1-2. The shape-memory-alloy 
wires or coils 43B are fixed to the second bone member 1-2, 
which is the second as counted from the finger tip side, at 
the fixing portions 4B, and further fixed to a still 
different fourth bone member 1-4 through hook portions 44B 

15 provided on the different third bone member 1-3. Those 
respective shape-memory-alloy wires (or coils) 43A and 4 3B 
are independently heated through conduction by a power 
supply 45 (45A and 45B) , by which the drive mechanism is 
driven. The shape memory alloy of the shape-memory-alloy 

20 wires 43A and 43B is provided by one which has been shape- 
memory treated so as to shrink with the temperature 
increased beyond martensite transformation temperature, 
where the shape memory alloy recovers its original length 
by radiation cooling with the conduction cut off. 

25 It is noted here that the hook portions 44A and 
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the hook portions 44B are members which serve the role as 
dynamic fulcr\ams for transferring forces, which are 
generated from expansion and contraction of the shape- 
memory-alloy (SMA) wires or coils 43A, to the bone members 
5 1. These hook portions 44A, 44B are attached to the bone 
members 1 to make the shape-memory-alloy wires or coils 43A 
hung therefrom, thus filling the role. 

Further, the fixing portions 4A and the fixing 
portions 4B are members to which the shape-memory-alloy 

10 wires or coils 43A are fixed and which serve the role 
similarly as dynamic fulcrums for transferring forces, 
which are generated from expansion and contraction of the 
shape-memory-alloy wires or coils 43A, to the bone members 
1. The shape-memory-alloy wires or coils 43A are fixedly 

15 hung or wound on stepped pins or the like attached to the 
bone members 1 as fixing members for the fixing portions 4A 
and the fixing portions 4B. 

The antagonistic-drive type multi- joint drive 
mechanism of Figs. 8A and 8B are similar in constituent 

20 elements to that of Figs. 7A and 7B. The multi-joint drive 
mechanism has shape-memory-alloy wires or coils 43C, 43C, 
as driving sources, attached on its both sides with the 
bone-member layer member 101 sandwiched therebetween, where 
antagonistic actions due to the drive of the two wires or 

25 coils make the drive mechanism drivable in a grasping 
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direction and its opposite direction. 

Some of pneumatic actuators as an example of the 
actuators are of the type that the actuator is contracted 
in its longitudinal direction with air pressure applied. 
5 The McKibbin type actuator as another example of 

the actuator is formed by covering a rubber tube with a 
cylindrical mesh, and the actuator is expanded in its 
diametral direction with air pressure applied, the mesh 
being pulled up along with the expansion and contracted in 

10 the longitudinal direction. When the pneumatic actuator of 
such a function is used for the driving source, the shape- 
memory-alloy wires or coils in Figs. 7A and 7B may be 
replaced with the pneumatic actuator having that function, 
thus allowing the similar drive mechanism to be provided. 

15 Further, as another example of the actuator, 

various types of electro-active polymer materials capable 
of electrical drive have been researched and developed as 
artificial muscle actuators. For example, there have been 
proposed multilayer-structure actuators in which sheet-like 

20 dielectric polymer is provided with flexible electrodes, as 
well as gel electrostriction type, gel ion-drive type, 
conductive polymer method, or other ones. These actuators, 
when used as a driving source, can be formed as a drive 
mechanism of the present invention by a structure according 

25 to Figs. lA - ID or Figs. 2A - 2D for the expansion type. 
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and by a structure according to Figs . 7A and 7B for the 
contraction type. Such artificial muscle actuators, which 
are composed principally of polymer material, are 
essentially safe against contact and collisions with 
5 persons because of material's own light weight and high 
compliance in combination. Also, artificial muscle 

actuators, which are generally high in generated energy 
density, can be employed as the driving source for the 
multi- joint drive mechanisms of the present invention, 
10 being servable as a remarkably energy-saving type device, 
compared with conventional- type multi- joint drive 
mechanisms composed of electromagnetic motors and speed 
reducers. 

In the case where the above-described McKibbin 
15 type pneumatic actuator or electrically drivable electro- 
active polymer is applied as an actuator, since these 
actuators have a narrow, elongate form such as tube-like, 
sheet-like, or multi-layered form thereof, there would 
arise buckling against expansive deformation, making it 
20 difficult to use the expansive deformation for actuation. 

Accordingly, these actuators for the most part are 
preferably made to act in a tensile state due to 
contractive deformation. The fourth embodiment is a 
structure suited to making such an actuator act in a 
25 tensile state by contractive deformation. 
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Furthermore, it is also possible to 
combinatorially provide a structure according to the Figs. 
7A and 7B in addition to the structure of Figs. 2A - 2D on 
the outer side- face side of the grasping hand, where the 
5 joint drive mechanism can be driven by antagonistic actions 
of both expansion- type and contraction-type elastically 
expanding/contracting members. In this case, the grasping 
hand to which this joint drive mechanism is applied can be 
driven also in a direction of making the grasping obj ect 

10 separate away in addition to the function of driving in the 
grasping direction, thus allowing the distance between 
joint drive, mechanism arrays provided in opposition for 
grasping to be largely widened. Further, by the structure 
in which the driving actuators are provided only on the 

15 outer side-face side of the grasping hand in such a manner, 
it becomes implementable to intensively provide 
displacement sensors of the coupling portions for detection 
of posture of the joint drive mechanisms, touch sensors for 
control of the grasping force, and moreover tag information 

20 detection antennas for detection of information as to the 
grasping object, on the grasping surface side, thus 
advantageous for integration of many distributed sensors. 
Further, since the grasping surface side of the grasping 
hand necessarily needs to be brought closer to or into 

25 contact with the grasping object along with the grasping. 
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it is advantageous that these sensors are provided on the 
grasping surface side. Various types of information, such 
as the configuration, grasping position, grasping plan, and 
the like relating to the grasping object written in the tag 
5 affixed on the grasping object can be detected with high 
sensitivity at close positions. 
(Fifth Embodiment) 

Figs. IIA and IIB show a sectional view and a 
plan view representing a multi- joint drive mechanism in the 

10 fifth embodiment of the present invention. In the fifth 
embodiment, the pneumatic piping in the multi- joint drive 
mechanism described in the first embodiment is provided as 
a multilayer-type pneumatic piping layer member 60. With 
such a structure, since the layer of the bone-member layer 

15 member 101 composed of the bone members 1 and the layer 
composed of the multilayer-type pneumatic piping layer 60 
and the elastically expanding/ contracting members 3-1, 3-2, 
3-3 are separated from each other, it becomes possible to 
form these members collectively. The rest of the members 

20 are similar to those described in the first embodiment. 

Next, Figs. 12A, 12B, and 12C are block diagrams 
showing a manufacturing method of the multi- joint drive 
mechanism of this embodiment of the present invention. 
This manufacturing method includes: a first process of Fig. 

25 12A for collectively forming the bone-member layer member 
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101 which is disposed in a generally planar fashion with 
the bone members 1 including their hinge portions lA; a 
second process of Fig. 12B for forming the elastic 
expanding/contracting layer member 103 composed of the 
5 elastically expanding/contracting members 3-1, 3-2, 3-3, 
their coupling portions 3A, and the air-pressure 
introducing passages 5-1, 5-2, 5-3; and a third process of 
Fig. 12C for coupling the elastic expanding/contracting 
layer member 103 to adjoining surfaces of the bone-member 

10 layer member 101. By the first process of Fig. 12A, for 
example, polypropylene, polyethylene, polyethylene 
terephthalate, or other polymers; or their foams or the 
like can be collectively formed by means of injection 
(injection molding) or the like so that the hinge portions 

15 lA come to a constricted structure. Further, the hinge 
portions lA can be formed by locally heating plate-shaped 
members forming the bone members 1. By the second process 
of Fig. 12B, in the case where the elastically 
expanding/contracting member is a rubber pneumatic type one 

20 that is driven by air pressure, a structure in which 
elastic members formed of neoprene or silicon or 
compositions of these materials , with fiber are 
preliminarily coupled together by polyurethane tubes 
serving as pneumatic piping is temporarily formed with a 

25 metal mold, and then finally formed by vulcanization and 
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heating or the like. Further, this structure is coupled to 
an adjoining surface of the bone-member layer member 101. 
Coupling therefor is carried out by fitting, press fit, or 
adhesion into the recessed portions la formed in the bone 
5 members 1, respectively. 

Next, Figs. 13A, 13B, 13C, and 13D are block 
diagrams showing another manufacturing method of the multi- 
joint drive mechanism of this embodiment of the present 
invention. In this manufacturing method, as a first step 

10 of Figs. 13A and 13B, the individual bone members 1 made of 
polyethylene foams are stacked and bonded in a generally 
planar fashion onto polyethylene terephthalate flat springs 
A, which constitute the coupling member 2, with the 
coupling portions 2A of the coupling member 2 serving as 

15 coupling portions therefor. These bone member arrays may 
also be provided by collectively stacking and bonding 
preliminarily coupled ones and thereafter cutting them off. 
Next, as a second step of Fig. 13C, on these bone members 1 
is stacked a three-layer structure made of low-in-elastic- 

20 modulus soft silicone rubber as multilayer-type pneumatic 
piping layer members 60 (such as 60a, 60b, 60c) . More 
specifically, a ground layer 60a is first formed, and then 
on the ground layer 60a are formed an intermediate layer 
60b having space portions in which air introducing passages 

25 5 (5-1, 5-2, 5-3) are formed, and further on the 
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intermediate layer 60b is formed an upper layer 60c having 
connection holes to the pneumatic actuators. The formation 
of these three layers can be fulfilled by printing or 
coating and heat hardening. Finally, as a third step of 
Fig. 13D is bonded and stacked a structure to which are 
coupled pneumatic actuators that are elastically 
expanding/contracting members 3 (3-1, 3-2, 3-3) . Since the 
individual layers can be formed collectively, the 
manufacture is facilitated irrespective of the degree-of- 
freedom number of joints, so that the multi-joint drive 
mechanism can be manufactured with low cost. 

As shown above, according to the present 
invention, there can be provided the multi-joint drive 
mechanism including the bone-member layer member formed of 
the plurality of bone members arranged in arrays, the 
plurality of bone members being movably coupled at the 
coupling portions, and the elastically 

expanding/contracting members which are arranged so as to 
stretch over the coupling portions on the contact-surface 
side of the bone-member layer member that makes contact 
with an object and/or on its noncontact-surf ace side 
opposed to the contact-surface side and moreover which are 
fixed between the plurality of bone members. 

Also, there can be provided the grasping hand 
which has the plurality of finger mechanisms formed from 
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the multi- joint drive mechanisms in opposition to one 
another, where the elastically expanding/contracting 
members are expanded or contracted so that the finger 
mechanisms are driven to perform a grasping operation of a 
5 grasping object. . . " 

Also, there can be provided the robot ' which 
includes the grasping hand including a plurality of the 
multi-joint drive mechanisms, the grasping hand having the 
touch sensors such as pressure-sensitive sensors or 
10 friction sensors or displacement sensors for the coupling 
members, where, grasping operation of the grasping hand is 
controlled based on information detected by the sensors or 
antennas . 

As a result, there can be realized the grasping 
15 hand which itself is small-sized, lightweight, soft, and 
safe so as to have a capability of dexterously grasping 
various objects, so that the multi-joint drive mechanism 
having the concrete construction of practical level 
including manufacturing facility can be provided as the 
2 0 drive mechanism for the grasping hand. Consequently, the 
grasping hand becomes suitable as those of robots that are 
expected to play an active part in household chore support 
or work support in home or office, hospitals and the like, 
as well as in care support for the aged or the physically 
25 impaired and the like. 
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Furthermore, since, at least, the multi-joint 
drive mechanism can be manufactured by collectively forming 
the bone-member layer member in which the plurality of bone 
members are arranged in a generally planar fashion and by 
5 coupling the elastically-expanding/contracting-member layer 
member, with which the plurality of elastically 
expanding/contracting members are integrated, with an 
adjoining surface of the bone-member layer member on the 
contact-surface side of the bone-member layer member that 

10 makes contact with an object and/or on its noncontact- 
surface side opposed to the contact-surface side, it 
becomes implementable to collectively form the individual 
layers, thus making it implementable to manufacture the 
multi-joint drive mechanism with manufacturing facility and 

15 low cost irrespective of the degree-of-f reedom number of 
joints . 

By properly combining the arbitrary embodiments 
of the aforementioned various embodiments, the effects 
possessed by the embodiments can be produced. 

20 Although the present invention has been fully 

described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 

25 modifications are to be understood as included within the 
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scope of the present invention as defined by the appended 
claims unless they depart therefrom. 



